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Relationship of Self-Fertility, Pollen 
Abortion, and Micronuclei Number 
to Agronomic Performance 
in Alfalfa 
P. P. Rotar and W.R. Kehr1 
SUMMARY 
The purpose of this investigation was to study self-fertility, pollen 
abortion, and meiosis in a randomly selected population of Ranger 
alfalfa clones and their polycross progenies, and to relate such informa-
tion to agronomic data obtained on the same materials. 
Self-fertility of Ranger clones varied from complete self-sterili ty to 
complete self-fertility during each of three index periods. Self-fertility 
of a given clone varied between index periods. Self-fertility of clones 
was not significantly correlated with irregularities at meiosis, micro-
nuclei per quartet, meiotic index, or percentage of pollen abortion of 
clones and their polycross progenies. Self-fertility of clones was rela-
tively independent of agronomic characteristics of clones and their 
polycross progenies. Frequency distributions of self-fertility for three 
index periods varied from normal to a curve skewed with a high 
frequency of clones in high self-fertility classes. 
Percentage of pollen abortion varied from 7 to 92 percent in 
Ranger clones and from 6 to 98 percent in their polycross progenies. 
Highly sign ificant differences for percentage of pollen abortion were 
obtained among florets, racemes, and cuttings of the same clone and 
cuttings of individual stems from different crown buds of the same 
clone. 
The estimated variance component for percentage of pollen abor-
tion of cuttings was approximately five times larger than the estimated 
variance components for determinations, florets, racemes, replications 
x clones, and clones. R eciprocal cross-compatibility differences were 
observed for percent pods formed and seeds per pod of several crosses. 
Reciprocal crosses were not significantly different for percentage of 
pollen abortion and self-fertility. Crosses among clones high by high, 
low by high, and low by low for pollen abortion, produced F 1 progenies 
which were high, intermediate, and low, respectively. Correlations of 
1 Formerly Graduate Assistant, University of Nebraska; and Research Agronomist, 
Crops R esearch Division , A.R .S., U.S.D.A., University of Nebraska, Lincoln. 
percentage of pollen abortion of clones with their F 1, S1, and polycross 
progenies were positive and significant. Percentage of pollen abortion 
of clones and their polycross progenies was relatively independent of 
agronomic characteristics and appeared to be independent of irregu-
larities at meiosis and micronuclei per quartet. Frequency distributions 
of percentage of pollen abortion of clones and their polycross progenies 
were skewed toward low pollen abortion. 
Large differences were found among Ranger clones and their poly-
cross progenies for meiotic indices and average number of micronuclei 
per quartet. Large differences were found among clones for number of 
laggards at metaphase I , and for irregularities at telophase I and telo-
phase II . Negative and significant correlations were obtained between 
meiotic indices and irregularities at telophase I and telophase II of 
clones. Positive and significant correlations were obtained among irreg-
ularities at telophase I and telophase II and micronuclei per quartet 
of clones. Average number of micronuclei per quartet of clones and 
their polycross progenies was highly correlated, but was relatively 
independent of agronomic characteristics of clones and their polycross 
progenies. 
Percentage of pollen abortion, self-fertility, and micronuclei per 
quartet were not of value for predictive purposes in the selection of 
agronomic characteristics. 
INTRODUCTION 
Self-fertility, pollen abortion, and meiosis have been studied in 
alfalfa. However, relatively little is known about these characteristics 
and their relationships to agronomic characteristics in alfalfa popu-
lations. 
Male sterility is defined as "i) deficiency of male individuals in a 
dioecious strain, ii) absence or atrophy of male organs in normally 
bisexual plants, iii) failure to produce normal sporogenous tissues in 
strains, iv) inhibition at various stages of pollen development yielding 
incomplete or imperfect pollen , or finally, v) failure to mature, dehisce, 
or to function when placed in a compatible stigma. Pollen abortion 
and pollen failure (iv and v above) may be considered together as 
pollen sterility" ( 10). 
Self-sterility in alfalfa was attributed to two phenomen a, a) incom-
patibility and b) early ovule abortion following fertilization (7) and 2 . 
Self-incompatibility was reported as physiologically independent of 
post-fertilization failure. 2 
Generally, self-sterility denotes a condition in which both pollen 
grains and ovules are non-functional and are usually accompanied by 
a certain amount of morphological and cytohistological deteriora tion . 
I 
" Miller, J. W. Sterility in alfalfa. Unpublished Ph.D. Thesis. Cornell Univ., 
Ithaca, New York. 1960. 
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The instances of self-incompatibility, in contrast, have functional 
flower parts and normally developed gametes. 
The purpose of this investigation was to study self-fertility, po11en 
abortion, and meiosis in a randomly selected population of Ranger 
alfalfa clones and their polycross progenies, and to relate such informa-
tion to agronomic data obtained on the same materials ( 12). 
LITERATURE REVIEW 
U nder conditions of artificial selfing, fertility of alfalfa plants varies 
from almost complete self-fertility to almost complete self-sterility. 
Dean3 made self-fertility surveys of open-pollinated and inbred alfalfa 
plants. A frequency distribution of the self-fertility of 685 open-
pollinated plants showed continuous variation and closely approached 
normality. A similar frequency distribution of 124 inbred plants 
showed definite skewness with high frequencies in the low self-fertility 
classes. Self-fertility values of 437 alfalfa h ybrids from first-generation 
single and 3-way crosses were strongly skewed with high frequencies in 
the low self-fertility classes (30). 
Whitehead and Davis (28) studied self- and cross-compatibilities 
of six alfalfa clones, two each of high, medium, and low fertility as 
measured by pods formed when self-polJinated. Significant differences 
were found between parents, Si's and F i's for percentage of pods 
formed and seeds per pod. 
Dean4 found that differences in fertility frequently occurred be-
tween reciprocal crosses in alfalfa . Tysdal and Crandall (26) found 
that the more self-fertile alfalfa clones were inferior to the more self-
sterile clones in combining ability, whereas Wilsie (29) found self-
fertility of alfalfa clones relatively independent of combining ability. 
Leffel, Kalton, and Wassom ( 14) found little or no evidence for an 
associa tion between self-fertility and date of blooming, panicle pro-
duction, and forage or seed yield of orchardgrass clones. Self-fertility 
was not related to combining ability. 
Wide variation in percentage of pollen abortion was reported in 
alfalfa ( 1, 4, 6, 8, 9) and 5 • Pollen abortion h ad an appreciable effect 
on seed-setting in alfalfa in some cases (3, 4, 5, 6, 8). 
No significant fluctuation was found in alfalfa for percentage of 
aborted pollen from one plant throughout the flowering period (6, 24). 
Grun (9) found significant differences between dates for percentage of 
po11en abortion. He reported that amount of pollen abortion was 
affected by age and raceme position, but that floret position had no 
effect. 
3 Dean, J. G . The self- and cross-compatibilities in seed production of alfalfa , 
Medicago species. Unpublished M.Sc. Thesis. U niversity of Nebraska, Lincoln, 
Nebraska. 1942 
' Ibid . 
5 See footnote 2. 
3 
No relationship was found between pollen abortion and meiotic 
irregularities in alfalfa (9, 11 , 23). No association was found between 
fertility and percentage of stainable pollen in several diploid species 
of alfalfa (25). 
Univalents were observed at diakinesis in alfalfa by Grun (9) in 
28 percent of the cells. Laggards were observed in 17 percent of the 
microsporocytes a t telophase I and telophase II . There were significant 
differences between plants with respect to frequency of quadrivalents 
and univalents at metaphase I and of laggards at telophase II, bu t n ot 
at telophase I. 
Prevalence of micronuclei a t the quartet stage in orchardgrass 
clones was not appreciably associated with forage yield, panicle n um-
ber, lateness, leafiness, width of leaves, and selfed and open-pollinated 
seed set. Winter survival was negatively correlated with prevalence of 
micronuclei (27). 
Love (16), working with Brazilian wheats, used the term "meiotic 
index" for percentage of normal quartets . He stated that a plant with 
a high meiotic index (90 percent or better) may be considered cyto-
logically stable for all practical purposes. 
MATERIALS AND METHODS 
The materials in this study were from a non-irrigated site, Location 
I, which contained replicated trials of 96 clones, randomly selected 
from Ranger alfalfa, and their polycross progenies. Location II was an 
irrigated site of the same materials ( 12). 
Self-fertility 
Self-fertility was determined by observing number of pods formed 
per l 00 florets tripped and was expressed in percent. This percentage 
is referred to as an index . Ninety-six clones were indexed for self-fer-
tility three times in the greenhouse. Seventeen clones chosen at random 
from the 96 were indexed in the field. These determinations are r e-
ferred to as index periods. The self-fertility of different cuttings6 and 
stems of each of two clones was determined by using five stems from 
different areas of a single crown and five cuttings per stem. 
Simple correlations were determined between self-fertility indices 
obtained on the same clone during different periods. Average self-
fertility ob tained for two periods during the winter of 1957- 1958 was 
used to determine corre lations with agronomic characteristics of th e 
clones and their polycross progenies. 
• In this investigation the term "cutting" means one plant derived from vegetative 
propagation . 
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Pollen Abortion 
Pollen abortion was determined by observing number of abnormal 
pollen grains per sample of at least 300 grains and was expressed in 
percent. This percentage is referred to as an index. A single unopened 
floret was removed from a raceme and dissected on a slide. Stain ing 
was clone with a mixture of acetocarmine in a non-resinous mounting 
medium. One-year-old slides were as good as those newly made. Two 
strips across the slide were used in counting pollen; one from left to 
right and the other from top to bottom. 
In September, 1957, 1 partially opened raceme was obtained from 
1 cutting from 1 replication of 96 clones for survey purposes. The 
racemes were preserved in 70 percent ethanol and stored at 0° F. From 
the survey, 10 clones, which varied from JO to 90 percent aborted pol-
len, were selected for detailed study. This detailed study included 
pollen abortion, self-fertility and meiotic irregularities. 
During July, 1958, pollen samples were collected in the field from 
each of 4 cuttings in each of 4 replications of 96 clones. Ten partially 
opened racemes were collected from l O plants in each of 4 replications 
of polycross progenies. 
Complete data were obtained on 83 clones, using 1 floret from l 
cutting of each plot, and on 96 progenies, using 1 floret from each of 
3 plants in each plot for an analysis of variance. Two determinations 
were made per floret. 
Five clones were chosen at random from the 10 clones previously 
selected on the basis of the l 957 survey to observe variation among 
clones, cuttings within clones, racemes within cuttings, and florets 
within racemes. 
The forms of the analyses used for the data collected on a single 
clone and on five clones in a detailed study of variation in pollen 
abortion are presented in Tables 1 and 2, respectively. 
Large pollen abortion variation existed among cuttings from the 
sam e clone. To determine if mutations had occurred in crown buds, 
cu ttings were obtained in the greenhouse in February, l 959, from 8 
of the 10 clones selected in 1957 for detailed studies. Five cu ttings 
were made from each of five different stems from different areas of the 
same crown. One flower from each cutting was analyzed for pollen 
abortion. 
S1 and polycross progenies of eight clones were compared for per-
centage of pollen abortion. 
Average percentage of pollen abortion of clones and their polycross 
progenies was correlated with agronomic characteristics of clones and 
their polycross progenies. Correlations were made between d ates and 
places of sampling for percentage of pollen abortion of clones and 
for clones versus their polycross progenies. 
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Table 1. Analysis of variance form and method used for estimating components of variance for data o btained on a single Ranger clone 
o[ the five-clone detailed study of percentage of pollen abortion. 
Tota l 
Plots 
Svurce of var iation 
Cuttings in plots 
R acemes in cuttings in p lots 
Florets in racemes in cuttings in plots 
o-, Determinations in fl o rets in racem es in cuttings in p lo ts 
df 
(bcdrs- 1) 
(r- 1) 
i (b- 1) 
b r(c- 1) 
bcr(cl- 1) 
bcclr(s- 1) 
ms 
M, 
M2 
M" 
M, 
M" 
J)ara meters estima ted by m ean sq uares 
cr's + scr2cl + clscr"c + cclscr"b + bcclscr"r 
cr's + scr ' cl + clscr' c + cclscr"b 
cr's + scr' d + dscr'c 
cr's + scr ' d 
cr ' s 
r == no. o f p lots, b == no. of cuttings per clone, c == no . of racemes per cu tti ng, d == no. of florets pe r raceme, s = no . of d eterminations p er floret. 
0 2s == the com ponen t of variance d ue to ra ndom differences between determ ina tion s wi th in flore ts. 
0 2d == the compo ne nt of var ia nce d ue to random d iffe ren ces a mong florets within racemes and is estima ted b y ~ 2d ~ M,4 - l\•lu . 
s 
/\ J\1(13 - l\1f11 
0 2c == t he com ponent o[ var iance d ue to rand om di fferen ces am o ng racemes w i thin cu tti ngs and is estima ted by a~c == - - d- ,-. - . 
. d d ct·ff . . I. 1 d . . d b /\ "b M, - Ms 0 2 b == the componen t of va ri ance ue to ran o m 1 cren ces among cu ltmgs wa 1111 p ots a n 1s csum ate y a- == ----. 
rds 
. I ct l" ff 1 d . . d b /\., M1 - M2 0 2r == t he cornponent of variance c uc to ra n om c 1 crences a mong pots an 1s estima te y o - r == ~
T able 2. Analysis of variance form and method used for est im ating components of variance for data obtained on all Ranger clones of the 
five-clone detailed study of percentage of pollen abortion.
Sou rce of var ia tion 
Tota l 
Blocks 
elf 
(abcdrs- 1) 
(r- 1) 
m s Parameters es tim ated b y mean sq u;ues 
Clones 
P lot er ro r 
Cuttings in plots 
(a-1) 
(r- l )(a- 1) 
a r(b- 1) 
abr(c-1) 
abcr(d- 1) 
abcdr(s- 1) 
M, 
M, 
M 3 
M .i 
M, 
Mu 
o ' s+ so ' cl + clso 'c + cdso ' b + bcdso 2ar + bcdrso'a 
o 's+ so ' cl + dso"c + cclso'b + bcdso 2ar 
o 's + so ' cl + dso 'c + cdso' b 
Racemes in cuttin gs in plots o ' s + so ' d + dso'c 
Florets in racemes in cuttings in plots o 's + so"cl 
Determinations in Aorets in racemes in cuttings in plots o's 
····
1 r == no. of p lo ts per clone, a =. no. of clones, b no. o f cutt ings per clone, c no. of race m es per culling, cl no. of Aorets per raceme, a nd s 
determ ination s per floret. 
0 2s == the component of variance d ue to random differences between determin ations w ithin florets. 
cr 2d == th e compo n ent of variance due Lo random d iffere n ces among fl orets within race m es and is esti mated by ; 2d == M u - Mn 
s 
a 2c == t he compon ent of varia n ce due to ra ndo m diffe rences a mong r acemes within cutlings a nd is esti mated b y ~ 2 c == ivh. - J'vl r .. 
el s 
a 2 b == the co m pon ent of va r ian ce due to random differences a m o n g cuttings within plots a nd is cs limated by ~ 2 b == M.3 - M <1 
eds 
no. of 
0 2ar == th e component of ,·a rian cc d u e to ra ndom d iffe re n ces a mo ng p lots w ith in hlock s and includes a n y interaction of clones b y blocks a nd is estimated b y 
/\, _ Ma - ~ rfo 
0 -ar - ----beds 
f . I . 1·11 . . d b /\ M1 - M2 0 2a::::: the component o va ri ance c u e to genetic c 1 ·:cren ccs amon g clon es and 1s estim ate y a-a::::: ---- . bed rs 
Reciprocal Crosses 
During March-April, 1959, six clones, three of which were h igh 
and three low in pollen abortion in 1958, were chosen for d iallel 
crosses, including reciprocals, to observe pollen abortion. 
Standard petals were cut off, florets tripped, and anthers and pollen 
removed with a vacuum pump. Pollen was collected from the male 
plant on the encl of a clean toothpick and applied to the stigma of the 
flower to be crossed. Twenty-five florets were used for each cross and 
its reciprocal. One hundred florets of each parental clon e were selfed. 
Ten seeds of each cross and each reciprocal and JO S1 seeds of each 
clone were planted in the greenhouse. T he plants were indexed for self-
fertility and pollen abortion as previously described. 
Meiotic Studies 
In July, 1958, racemes with flowers in the early bud stage were 
collected in the field from 10 clones and their polycross progenies 
chosen for detailed studies. The m aterials were fixed in Carnoy's solu-
tion, stored at 0° F, and later used for quartet analyses. Percentage 
of normal quar tets was used as a meiotic index. 
Acew cannine smears of microsporocy tes were made using a ferr ic 
ammonium sulfa te solution as a mordan t (15). Slides were h eated for 
on e minute over a steam ba th, blotted carefull y, and examined under 
low magnification ( 1 OOx). If the slide h ad dividing cells, i t was m ade 
perman ent with a venetian turpentine mounting m edium (32) . 
In J anuary, 1960, young racemes were collected in the greenho use 
from cuttings of 12 clones, 10 of which were sampled in the field in 
1958. The frequen cies of bridges at telophase I and telophase II, lag-
ging chromosomes at m etaphase I , telophase I and telophase II, and 
micronuclei per quartet were recorded and expressed in percent. All 
observations were made at a m agnifica tion .of 660x. 
Simple correlations were made between meiotic indices of clones 
and other data obtained on clones and their polycross progenies. Aver-
age number of micronuclei per quartet of clones from materials 
collected in the fi eld was used for correlations with agronomic charac-
ter istics of clon es and their polycross progenies. 
RESULTS 
Self-Fertility 
Self-fertility of clones indexed in the greenhouse during each of 
three index periods ranged from complete self-sterility to complete 
self-fertility. Self-ferti lity averages of 96 clones for each of the 3 periods 
were 37, 46, and 57 percent, respectively. Self-fertility of a given clone 
8 
Table 3. Correlations between self-fertility indices and between self-fertility and 
pollen abortion of Ranger clones. 
Characteristi cs corre lated 
Self-fert ility at di fferent elates 
Clones in greenhouse 
1953-1954 with 1957-1958 
1953-1954 with 1958 
1957-1958 with 1958 
Clones in the field , 1958 with 
Greenhouse 1953-1954 
Greenhouse 1957 -1958 
Greenhouse I 958 
Self-fertility w i th p ollen abortion 
Se lf-fertility, fi eld , 1958 with 
Pollen abortion, fi eld, 1957 
Pollen abortion, field, 1958 
Pollen abortion, field , 1958 with 
Self-fertility, greenhouse, 1953-1954 
Self-fertility, greenhouse, 1957-1958 
Self-fertility, greenhouse, 1958 
••Signi fica nt at the I percent level. 
df 
94 
94 
94 
15 
15 
15 
15 
15 
94 
94 
94 
.07 
.14 
.68** 
.48 
.05 
- .10 
.13 
- .12 
.09 
-.05 
- .10 
varied between index periods, for example, R447 had indices of 7, 35, 
and 67 percent. R39 had indices of 12, 37, and 39 percent. The fre-
quency distribution for 1953-54 indices appeared bimodal, for 1957-58 
normal, and for 1958 skewed with a high frequency of the high self-
fertility classes. 
Correlations between indices varied considerably (Table 3). There 
appeared to be no relationship between self-fertility and pollen abor-
tion. Since self-fertility indices of the two periods, 1957-58 and 1958, 
were significantly correlated, the average self-fertility of these periods 
was used for correlations with agronomic characteristics of clones and 
their polycross prognies (Table 4). Correlations were small and ranged 
from r = -.23* tor= .26*. None of the correlations were of value for 
predictive purposes. 
Differences between self-fertility indices of plants grown from cut-
tings of stems from different crown buds of the same clone were small 
and non-significant. 
Pollen Abortion 
Mean squares and estimated variance components obtained from 
individual and combined analyses of variance of the 5-clone detailed 
study are presented in Table 5. In individual analyses, highly signifi-
cant mean squares were obta ined for florets in all five clones, for 
7 " R " refers to the Ranger clone number assigned at random by Kehr and Gard-
ner (12), and also used in this study. 
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Table 4. Correlations between average self-fertility of Ranger clones, average per-
centage of pollen abortion of clones, average percentage of pollen abortion 
of their polycross progenies, and average number of micronuclei per 
quartet of clones with agronomic characteristics of clones and their poly-
cross progenies. 
Self- Pollen 
Pollen Av. no. of 
abortion m·icronuclei 
fertility abortion of polycross per quartet Characters correlated of clones of clones progenies of clones 
df I r df I r df I r df I r 
Clones in polycross nursery 
Yellowing, 7 / 1/ 53 94 .07 94 - .21 • 94 -.02 8 .30 
Flowering, 7 / I / 53 94 - .1 5 94 .05 94 -.05 8 -.04 
Flowering, 8/11 /53 94 .21 • 94 .01 94 .16 8 - .59 
Vigor, 8 / 24/53 94 - .23* 94 .11 94 .02 8 - .08 
Rust, 8/25/53 94 - .10 94 - .07 94 .06 8 - .47 
Fa ll growth habit, 10/23/53 94 - .JO 94 .17 94 .05 8 -.24 
Forage yield, gms. / plant 9 / 8/53 94 .17 94 -.14 94 .08 8 .13 
Seed yield, gms. / plant, 1953 94 .26* 94 - .01 94 .02 8 .54 
Growth habit, 5/ 6/ 54 94 .04 94 - .07 94 .00 8 .11 
Seed yield, gms. / plant, 1954 94 .23* 94 .08 94 .01 8 .30 
Replicated yield trials of Agronomy Farm studies 
Location I 
Clones, percent stand, 1956 94 - .JO 94 .02 94 -.04 8 .06 
Clones, spring growth habit, 
1955-1956 av. 94 .07 94 .03 94 .02 8 .54 
Clones, recovery rate, 
1955-1956 av. 94 - .08 94 .19 94 .18 8 -.38 
Clones, total season yield, 
1955-1956 av. 94 .07 94 - .JO 94 - .18 8 .I O 
Polycross progenies, percent 
stand, 1956 94 - .01 94 - .1 5 94 .06 8 .69* 
Polycross progenies, spring 
growth habit, 1955-1956 av. 94 .01 94 .25* 94 - .06 8 .51 
Polycross progenies, recovery 
rate, 1955-1956 av. 94 - .08 94 .09 94 .01 8 - .03 
Polycross progenies, total 
season yield, 1955-1956 av. 94 .09 94 - .25* 94 .02 8 .30 
Location II 
Clones, percent stand, 1957 91 - .09 91 - .02 91 - .22• 7 . l4 
Clones, spring growth h abit, 
1956-1957 av. 91 -.08 9 l .2 1 • 91 .03 7 .59 
Clones, recovery rate, 
1956-1957 av. 91 - .10 91 .20 91 .07 7 -.13 
Clones, to tal season yield, 
1956-1957 av. 91 .05 91 .03 91 .11 7 - .08 
Polycross progenies, percent 
stand, 1957 94 - .22• 94 -.03 94 .00 8 - .01 
Polycross progenies, spring 
growth habit, 1956-1957 av. 94 .02 94 .1 5 94 .06 8 .14 
Polycross progenies, r ecovery 
rate, 1956-1957 av. 94 .00 94 .1 7 94 .06 8 - .22 
Polycross progenies, total 
season yield, 1956-1957 av. 94 - .16 94 .09 94 -.01 8 .14 
• significant at the- 5 perce nt level. 
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Table 5. Mean squares and variance components estimated from individual and combined analyses of variance for percentage o[ pollen 
abortion of five selected Ranger clones studied in detail. 
Sou rce of I Clone nutnbcr I Combined vari alion R5 I RI S I R 36 I R99 I RII2 analys is 
Estimated mean squares and va riance components 
C lon es a 5,186.52 
a 2a h 11.41 
Plot e rror 
I 
2,347.14 
a'ar 9.50 
P lots 4, ll 6.52 2,397 .34 2,735.29 5.071.89 767.83 
.... a ' r 10.95 - .35 6 .82 40.83 - 6.53 
.... 
Cuttings 2,802 .30'* 2,439.30"* 1,916.41** 172.1 4 I ,55 1.62 ** 1,776.33° 
a 2 b 92 .02 69.44 58.56 3.03 49.92 56.58 
Racemes 41.66 56. 12** 159.46** 82 .16** 53.94 78.67"* 
a' c l.58 4.82 22. 12 7.87 3.20 7.92 
Florets 32. 13"* 27 .1 7** 26.74** 34.94** 34.76"" 31.1 5** 
a' cl 11 .72 5.18 7.05 12.50 12.91 9.79 
Determinations 8.70 16.82 12.63 9.94 8.94 11.57 
a's 8.70 16.82 12.63 9.94 8.94 l l.57 
••significant at th e 1 percent level. 
a Upper lines are estimated mean squares . 
u Lower l ines are estim ated vari ance componen ts. 
racemes in three of the five clones, and for cuttings in all clones·except 
R99. In the combined analysis, highly significant m ean squares were 
obtained for florets, racemes, and cuttings but mean square for clones 
was non-significant. 
For individual clones, estimated variance components for cuttings 
were from 5 to 10 times greater than any of the other estimated vari-
ance components, except for R99. There was more variation among 
the magnitude of variance components for racemes than for florets. 
The es timated variance components from the combined analysis were 
about the same for all sources of variation except for the cuttings 
component. The estimated variance component for cuttings was about 
five times larger than any of the other estimated variance components. 
Frequency distributions for percentage of pollen abortion class 
means of clones from field data in 1957 and 1958, and the averages of 
their polycross progenies in 1958, were highly skewed with high fre-
quencies of low percentage of pollen abortion classes. Average percent-
ages of pollen abortion of clones were 26 and 28 percent in 1%7 and 
1958, respectively, and of their polycross progenies, 30 percent. R anges 
in percentage of pollen abortion of clones in 1957, 1958, and the 
averages of their polycross progenies were 7 to 92, 8 to 7 I, and 16 to 56 
percent, respectively. The greatest range for plants-within-polycross 
progenies of a single clone was from 6 to 96 percent. The analysis of 
vari ance for percentage of pollen abortion of 83 clones, based on 1 
cutting per replication, showed highly significant mean squares for 
clones and for replications x clones. T he analysis of variance for per-
centage of pollen abortion of polycross progenies from 96 clones 
showed highly significant mean squares for replications, progenies, and 
plants within progenies. 
Simple correlations between dates and places of sampling for per-
centage of pollen abortion of clones, and for clones with their polycross 
progenies were significant or highly significant (Table 6). 
Simple correlations between average percen tage of pollen abortion 
of clones and their polycross progenies with agronomic characteristics 
Table 6. Correlations between pollen abortion indices of Ranger clones and of 
clones with their polycross progenies. 
Characters corre lated 
Pollen abortion of clones 
Fie ld 1957, with fi eld , 1958 
Field 1957, with greenhouse, 1958 
Field 1958, with greenhouse, 1958 
Pollen abortion of clones with averages 
of their polycross progenies 
Clones, field 1957 , with progenies, 1958 
Clones, fi eld 1958, with progenies, 1958 
•s ignificant at the 5 percent level. 
*'*Signifi cant at th e I percent level. 
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df r 
87 .69"" 
17 .64"* 
17 .50" 
87 .53"" 
94 .46"" 
Table 7. Correlations o{ percentage of pollen abortion of Ranger clones with their 
S1 and polycross progenies. 
Characteristics correlated df r 
Clones, 1959, with 
S1 progeny m eans, 1959 6 .77* 
Polycross progeny means, 1958 6 .77* 
Polycross progeny means, 1959 6 .82.* 
S1 progeny means, 1959 with 
Polycross progeny means, 1958 6 .73* 
Polycross progeny m eans, 1959 6 .56 
Polycross progeny means, 1958 with 1959 6 .72* 
• Significant at the 5 percent level. 
of clones and their polycross progenies were generally low and of 
questionable biological significance (Table 4 ). 
In the combined analysis, highly significant m ean squares were 
obtained for clones, stems in clones, and cuttings in stems in clones, 
for pollen abortion of plants grown from cuttings of stems from differ-
ent crown buds of the same clone. In individual analyses, significant 
mean squares were obtained for cuttings in stems for five of eight 
clones. A significant mean square for stems was obtained for only one 
clone. 
The generally high correlations between clones and progenies and 
between types of progenies for percentage of pollen abortion indicated 
that pollen abortion was highly heritable (Table 7). 
Reciprocal Crosses 
Reciprocal crosses among six clones differed greatly in percentage 
of pods formed and in number of seeds per pod (Table 8). For exam-
ple, in the cross R5 x R30, the few seeds that formed were small and 
shrivelled but seeds from the reciprocal were normal. Percentage of 
pods formed and seeds per pod from crosses were correlated, r = .85.* 
Self-fertility and percentage of pollen abortion of the six clones 
and their F 1 and S1 progenies were studied. Data for the F 1 progenies 
included reciprocals. Correlations of r = . 7 l **, l 3 elf, and r = .64, 4 elf, 
were obtained for average pollen abortion of clones with the averages 
of the F1 and S1 progenies, respectively. A correlation of r = .84*, 4 elf, 
was obtained for average pollen abortion of F 1 with S1 progenies. Cor-
relations of r = .45 and r = -.20, 4 elf, were obtained for average 
self-fertility of clones with the average of their F 1 and S1 progenies, 
respectively. A correlation of r = .09, 4 df, was obtained for average 
self-fertility of F 1 with S1 progenies. 
Percentages of pollen abortion and self-fertility of F1 crosses and 
their reciprocals, from the six-clone cliallel, are presented in Table 9. 
Each value in the table is an average of three F 1 progenies. Significant 
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Table 8. Percentage of pods formed and number of seeds per pod of reciprocal 
crosses among six R anger clones, March-April, 1959. 
Clone Clone number 3 
number 
~ R5 R25 R30 R84 R I03 Rll4 Av. 
Percentage of pods formed and number of seeds per pod 
R5 47" 38 66 62 51 53 
0.41" 1.00 4.10 3.90 2.56 2.39 
R25 86 81 100 65 68 80 
4.40 5.38 6.87 4.58 3.57 4.97 
R30 78 52 67 50 61 62 
3.36 2.46 3.27 2.23 1.82 2.63 
R84 46 56 63 48 28 48 
5.08 4.56 3.89 4.00 2.75 4.05 
RI03 83 96 76 100 67 84 
5.00 4.77 4.11 4.79 3.66 4.47 
Rll4 32 57 21 54 69 47 
1.85 2.44 1.83 2.08 2.56 2.15 
Av. 65 62 65 90 60 55 
3.94 2.93 3.24 4.22 3.45 2.87 
a Upper lines are percentage of pods formed. 
b Lower lines are number of seeds per pod. 
mean squares were obtained among crosses for percentage of pollen 
abortion and self-fertility. No significant differences were found be-
tween reciprocals for percentage of pollen abortion and self-fertility. 
Data from crosses among the six clones, arranged to show the re-
sults from crossing clones low and high in pollen abortion and in 
self-fertility, are presented in Table 10. Data for F1 progenies included 
reciprocals. Crosses among clones low by low, low by high, and h igh 
Table 9. Percentage of pollen abortion and of self-fertility of reciprocal crosses 
among six Ranger clones. 
Clone Clone number 3 
number I I I ~ R 5 R25 R 30 R 84 RI03 RIJ4 Av. 
Percentage of pollen abortion and of self-fertility 
R5 26 43 
35 34 
R9' 
- :> 27 25 
16 37 
R30 32 55 
57 35 
R84 20 33 32 
37 50 17 
RI03 38 32 43 
56 40 38 
Rll4 37 18 68 
24 31 18 
Av. 31 26 42 
38 38 29 
• Upper lines are percentage of pollen abortion. 
b Lower lines are percentage o[ scH. fcrti lity. 
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30 58 14 34 
24 56 44 38 
32 23 19 25 
18 26 11 19 
34 68 31 44 
47 25 19 30 
49 18 30 
12 23 28 
17 60 38 
38 33 41 
16 35 35 
16 38 25 
26 46 28 
28 31 26 
by high in percentage of pollen abortion produced F 1 progenies which 
averaged 26, 33, and 48 percent aborted pollen, respectively. Data on 
self-fertility were obtained by using 2 clones high (average of 63 per-
cent) and 4 clones low (average of 28 percent) in self-fertility. Crosses 
among clones low by low, low by high, and high by high in self-fertility 
produced F 1 progenies which averaged 28, 38, and 28 percent, respec-
tively. 
Meiotic Studies 
Quartet analyses on clones and their polycross progenies, chosen 
for detailed studies, are presented in Table 11. Highly significant mean 
squares for average number of micronuclei per quartet were obtained 
among clones sampled in the field, 1958. Average number of micro-
nuclei per quartet varied from .25 to 1.02. As many as eight micro-
nuclei per quartet were observed in Rl8 and R 36. No quartets with 
over four micronuclei were observed in Rl 14. The l 0-clone average 
was .59 micronuclei per quartet. For quartet analyses of Ranger poly-
cross progenies collected in the field (1958) each value in Column 4, 
Table 11, is an average of nine plants of polycross origin. Average 
number of micronuclei per quartet varied from .29 to .69. Average 
number of micronuclei per quartet for plants-within-polycross prog-
enies varied from .09 to .57 for Rll4, which had the narrowest range, 
and from .13 to 1.70 for R82, which had the widest range. An average 
of .46 micronuclei per quartet was obtained for the 90 polycross 
progenies examined. 
Correlations between clones in the greenhouse and clones and 
polycross progenies in the field for average number of micronuclei per 
quartet were .67* and .72*, respectively (df = 8). The correlation 
between average number of micronuclei per quartet for clones and 
polycross progenies when samples were collected in the field was .49 
(elf= 6). 
Average number of micronuclei per quartet of clones in the field 
was used for correlations with agronomic characteristics of clones and 
Table IO. Comparison of F, progeny averages for percentage of pollen abortion 
and of self-fertility Crom crossing Ranger clones low and high in pollen 
abortion and self-fertility. 
T ype of Parent No. of crosses F1 progeny 
cross average including reciprocals average 
% % 
PIOIIen abortion 
L X L 12 12 26 
L X H 36 18 33 
HxH 60 12 48 
L X L 28 
Self-fertility 
24 28 
L X H 45 16 38 
HxH 63 2 28 
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Table 11. Average number of micronuclei per quartet for selected Ranger clones 
and their polycross progenies.• 
Clones in Average of Range of 9 Clone Clones in polycross p lants of 
number field, greenhouse. progenies polycross origin 
1958 1960 field , 1958 field , 1958 
R5 .69 .80 .4 1 .17- .84 
R6 .68 .48 .32 .18-.74 
Rl8 1.02 1.22 .53 .16-.90 
R25 .52 .24 .41 .10-1.07 
R30 .92 .50 .12-.79 
R 36 .74 .60 
R76 .34 .46 .4 1 .18- .75 
R 82 1.60 .69 .13- 1.70 
R99 .26 .42 
RI03 .40 .68 .48 .24-1.1 7 
RII2 .62 .45 .59 .42- 1.00 
Rll4 .25 .36 .29 .09-.57 
a T hese determi nations are based on obser\lations from one floret per clone or plant of poly-
cross origin. 
their polycross progenies (Table 4). T he only significant correlation, 
percen t stand of polycross progenies a t location I, may be of little or 
no biological significance because of its low value. 
Meiotic indices, consisting of percentage of normal q uar tets, were 
calculated for clones and their polycross progenies (Table 12). Meiotic 
indices for clones grown in the field varied from 60 to 83 percen t. 
Average m eiotic indices for polycross progenies varied from 66 to 82 
percen t. For plants-within-polycross progenies, meiotic indices of R 82 
varied most and of R5 and R 76 least. For clones grown in the green-
house, R 25 h ad the largest (84 percent), and R 82 the smallest (28 per-
cent) meiotic index. The 12 clones had an average meiotic index of 
68 percent. 
R esults of meiotic and quartet analyses from greenhouse m aterial 
are summarized in T able 13. Irregulari ties included lagging chromo-
somes at metaphase I , and bridges and fragments at telophase I and 
telophase II. No attempt was made to determine if lagging chromo-
somes a t metaphase I were univalents or bivalents, but, judging from 
their size, most of them appeared to be univalents. R emnants of very 
few bridges were observed a t telophase I and telophase II. T here were 
16 bridges in 940 telophase I cells and 13 bridges in 1,070 telophase II 
cells. 
Average number of laggards at metaphase I varied from .16 to .64 
per cell. T he 12-clone average was .34 laggards per cell. As many as 
four laggards per metaphase I cell were observed, but most cells h ad 
less than three laggards. An average of 75 percent of metaphase I cells 
were normal. 
Average number of irregularities per telophase I cell varied from 
.14 to .79. The 12-clone average was .44 irregularities per cell. An aver-
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Table 12. Meiotic indices for selected R anger clones and thei1· polycross progenies. 
Ave rage of Range of 
Clone Clones in Clones in pol ycross 9 p lants of 
number fie ld , greenhouse, progenies pol ycross origin , 
1958 1960 fi eld , J 958 field, l 958 
R5 68 63 75 67- 88 
R6 66 73 81 60-89 
Rl 8 60 54 77 66- 90 
R25 71 84 78 56- 92 
R30 55 75 66-88 
R36 63 74 
R76 78 81 70 68-89 
R82 28 66 27-90 
R99 83 79 
RI03 79 71 76 56- 86 
Rll4 83 79 82 M-92 
age of 72 percent of all telophase I cells were normal. R 6 and R82 had 
91 and 44 percent normal telophase I cells, respectively. 
Average number of irregulariti es per telophase II cell var ied from 
.24 to 1.64. The 12-clone average was .64 irregularities per cel l. Twelve 
laggard or fragment chromosomes were observed in one telophase II 
cell from R 30 (Fig. 1-E) and several clones had from seven to nine 
irregularities per cell. Less than five irregularities per cell were ob-
served in most clones. An average of 68 percent of telophase II cells 
were normal, with a r ange of 27 to 85 percent. 
Average number of micronuclei per quartet vari ed from .24 to 1.60. 
The 12-clone average was .69 micronuclei per qu artet. From three to 
Table 13. Results of meiotic and quarte t analyses of Ranger clones from m aterials 
collected in the greenhouse, January, 1960. 
Metaphase I Telo ph ase I Tclophase II Quartets 
A v. No. I Av. No. Av. No. 
'A\ro Clon e of 
I 
of of 
number No.of irregu- No. of irregu- No. of irrcgu- No. of mi cro-
cell s lariti es cells larit ies ce lls lariti es quar- nu clei 
per per per tet s per 
cell a ce ila ceJl a qua ri ct 
R5 51 .49 90 .35 59 .42 125 .80 
R6 45 .16 35 .1 4 74 .24 128 .48 
Rl8 95 .30 79 .64 104 I.I l 119 l.22 
R25 93 .26 40 .37 11 2 .28 ll l .24 
R30 34 .29 103 .42 135 l.40 130 .92 
R36 120 .28 63 .48 64 .72 127 .60 
R76 22 .27 82 .38 94 .4 1 101 .46 
R82 15 .33 68 .79 108 1.64 156 l.60 
R99 74 .64 ll 3 .69 71 .39 134 .42 
Rl03 91 .34 102 .35 102 .30 102 .68 
Rll2 48 .37 96 .43 l!O .52 119 .45 
Rll 4 58 .38 69 .23 39 .28 103 .36 
Av. .34 .44 .64 .69 
Tota l 746 940 1072 1455 
a The term irregular ities per cell includes bridges, chromosoma l fragment s and lagging 
chromosomes. 
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eight micronuclei were observed per cell, but most clones had six 
or less. 
Correlations among meiotic indices, micronuclei per quartet, and 
irregularities at metaphase I, telophase I and telophase II are pre-
sented in Table 14. The correlation between meiotic indices and irregu-
larities at telophase II was negative and highly significant. Correlations 
between micronuclei per quartet and irregularities at telophase 1 and 
II were positive and either significant or highly significant. The corre-
lation of irregularities at telophase I with irregularities at telophase II 
was positive and significant. 
Correlations between meiotic and quartet analyses with pollen 
abortion, self-fertility indices and seeds per pod from selfing are pre-
sented in Table 15. Pollen abortion was positively correlated with 
micronuclei per quartet, r = .69* using pollen and quartet data from 
greenhouse material; however, these two characteristics were n egatively 
correlated, r = -.66* using pollen and quartet data from field material 
in 1958 . 
Photomicrographs of observations made on pollen abortion micro-
spore quartet and meiotic studies are presented in Figure I. Of 1,480 
clones, S1 , Fi, and pol ycross progenies examined for pollen abortion , 
13 had abnormally shaped or joined pollen grains. Two of the 13 
plants, R61 and one plant from the polycross progenies of RI 13, had 
several to many pollen grains joined in a large mass. Many of th e non-
joined pollen grains from these two plants were either smaller or sev-
eral times larger than normal. The other 11 plants had a different type 
of abnormality whereby pollen grains were often joined in groups of 4, 
which indicated that cell division after meiosis was not complete. 
A few pachytene configurations of R61 were observed (Figure 1-H). 
Three of the chromosomes were aberrant. Lack of synapsis was ob-
Table 14. Correlations among inegula1·ities at meiosis, micronuclei per quartet, 
and meiotic indices of Rang·er clones from materials obtained in the 
greenhouse, January, 1960. 
Characleristics correlated 
Meiotic indices with 
Irregularities at telophasc 11 
Irregularities at telophase I 
Laggards at m e taphase I 
M icronuclei p e r quartet witli 
Irregulariti es at te loph ase 11 
Irregularities at te lophase I 
Laggards at metaphase I 
Irregulariti es at telophase 11 with 
Irregularities at teloph ase I 
Laggards at m e taphase I 
Irregulariti es at te lophase I with 
Laggards at m ctaphasc I 
*Sign ificant at t.h e 5 percent leve l. 
'* *S.g n ihcan l at t he I percent level. 
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df 
IO 
10 
10 
IO 
10 
10 
IO 
10 
10 
-.88** 
- .57 
.07 
.87** 
.64* 
.06 
.67* 
.12 
.40 
Table 15. Correlations of percentage of pollen abortion, self-fertility indices, and 
seeds per pod from selfing, with irregularities at meiosis, meiotic index , 
and micronuclei per quartet among Ranger clones. 
Characteristics correlated df 
Correlations using material co llected in greenhouse 
Percentage of pollen abortion with 
Meiotic index IO -.49 
Micronuclei per quartet JO .69* 
Irregularities at teloph ase II 10 .54 
Irregularities at telophase I IO .36 
Laggards at me taphase I IO .26 
Self-fertility• with 
Seeds per pod from selfing 8 .42 
Meiotic index 8 -.24 
Micronuclei per quartet 8 .31 
Irregularities at telophase II 8 .09 
Irregularities at telophase I 8 .15 
Laggards at metaphase I 8 .13 
Seeds p er pod" from selfi ng with 
Meiotic index 8 .42 
Micronuclei per quartet 8 -.27 
Irregulariti es at telophase II 8 - .12 
Irregularities at telophase I 8 - .03 
Laggards at metaphase I 8 - .20 
Correlations us ing material co llected in fie ld 
Micronuclei per quartet ' with 
Percentage of pollen abortion , clones 1958 8 - .66* 
Percentage of pollen abortion, polycross progen ies 1958 8 -.54 
Percentage of pol len abortion, clones 1957 8 - .29 
Self-fertili ty, g1·eenhouse, 1953-1954 8 .14 
Self-fertility, greenhouse, 1957-1958 8 .07 
Self-fertility, greenhouse, 1958 8 - .21 
Self-fertility, greenhouse, March, 1959 8 .07 
"'" Significant at the 5 percent level. 
a Self-fe rtility indices of clones in g ree nhou se , Apri l, 1959. 
b Seeds per pod from clones selfed in gree nhou se, Apri l , 1959. 
c From clones in field, 1958 . 
served between parts of several pairs of chromosomes . From two to 
many pollen mother cells in R6 l were joined togeth er as sh own in 
Figure 1-G. Mito tic di vision after m eiosis was irregular, and, in some 
cases, from two to fo ur nuclei remained enclosed in one large cell, 
Figure 1-I. Exin e formed over th is mass of cells and partial develop-
ment took place until at pollen maturity the mass of cells had formed 
into pollen gra ins of varying sizes. From on e to three nucleoli per cell 
were observed in R6I. Of 11 5 pollen mother cells examined at pachy-
tene or diakinesis, 79 had l , 33 had 2, and 3 had 3 nucleoli each. In 
ce lls with more than one nucleolus, the nucleoli were smaller than 
those in cells w ith only one nucleolus. 
DISCUSSION 
Environment apparently had a tremendous influence upon expres-
sion of self-fertility of certain clones. R esults tended to agree with 
those of Wilsie and Skory (31) who reported coefficients of variabi li ty 
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D E F 
Figm·e 1.-Photomicrographs of observations made on pollen abortion, microspore 
quartet, and meiotic studies of Ranger clones and their polycross 
progenies, taken at stated magnifications. 
A. 88x. Nonnal pollen intermixed with aborted pollen. 
B. 524x. Newly formed pollen with micronuclei present. One micronucleus 
has formed a cell by itself. 
C. and D. 524x. Quartet stages showing six micronuclei in one quartet (C) and 
three in another (D). 
E. and F. 1080x. Telophase II, showing one PMC (E) with 12 laggards or frag-
ments and 1 PMC with 4 laggards (F). 
G. 150x. Telophase JI showing· PMC's with continuous cytoplasm. 
H. 1080x. Pachytene showing three aberrant chromosomes in the lower hal( o[ 
the photomicrograph (see arrows). 
I. 524x. Abnormal pollen formation. Abnormal mitotic divisions had taken 
place after meiosis so that there were 2 cells with 2 nuclei, I with 
3 nuclei, and I with I nucleus. 
of from 11 to 84 percent for self-fertility between cuttings of the same 
clones. For critical studies, only the more stable clones should be used. 
Self-fertility of clones was not correlated with percentage of pollen 
abortion, meiotic index, micronuclei per quartet, irregularities at 
telophase II , telophase I , and metaphase I. Self-fertility appeared to 
be relatively independent of all agronomic characteristics studied. 
Although some significant correlations of self-fertility with agronomic 
characteristics were obtained, the values were so small that they ap-
peared to have little or no biological significance. Similar results were 
previously reported in alfalfa and forage grasses (2, 13, 21, 29). In 
contrast, Tysdal and Crandall (26) showed that clones low in self-
fertility tended to produce higher-yielding progenies than clones rela-
tively high in self-fertility. 
Several reasons can be given for lack of repeatability of self-fertility 
studies. These are: (a) self-fertility was perhaps controlled by genes 
greatly influenced by environment, (b) self-incompatibility mechanisms 
were involved and their interaction with environment caused a large 
variation in self-fertility between dates; and (c) age of flower and 
different cuttings of the same clone may have influenced self-fertility 
indices. To remove the effects of environment, it would be necessary 
to use growth chambers. 
Reciprocal cross-compatibility differences were obtained for per-
centage of pods formed and seeds per pod in diallel crosses among six 
clones. Similar observations were made by Dean8 and .. Whitehead and 
Davis (28) with other materials. Although a high correlation of 
r = .85* was obtained for percent pods formed with seeds per pod from 
crosses, seeds per pod were independent of pods formed in some cases. 
Pollen abortion of clones and their polycross progenies was rela-
tively independent of all agronomic characteristics of clones and their 
polycross progenies. 
Results of a detailed pollen abortion study were in agreement with 
those of Grun (9) who found significant differences in percentage of 
pollen abortion between racemes of the same clone, and between 
clones. However, in this investigation, significant differences between 
florets of the same raceme were obtained for percentage of pollen 
abortion, whereas Grun did not find such differences. 
Correlations between years and locations were large and highly 
significant for percentage of pollen abortion of clones, indicating that 
pollen abortion was a fairly stable characteristic not greatly influenced 
by environment. A high cutting-to-cutting variation was obtained for 
pollen abortion. There perhaps was some genetic instability operating 
within some clones which caused this variation in both pollen abortion 
and self-fertility. 
Childers (5) and Schonhorst (23) indicated that pollen abortion in 
alfalfa was controlled by three major genes. Significant simple correla-
8 See footnote 3. 
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tions were obtained between clones and their F 1, S1, and pol ycross 
progenies in this study. Further studies should be made on pollen 
abortion in F 1, F 2, and F 3 progenies. 
Apparently the large variation in average number of micronuclei 
per quartet was caused by genetic differences. Micronuclei per quartet 
was found to be a heritable character in orchardgrass (17, 18, 19, 20). 
The results reported here confirm this conclusion since large and sig-
nificant correlations were obtained between clones and their polycross 
progenies. Environment had some influence on this character, too, 
since large variations were obtained between florets of the same raceme. 
As in previously reported studies (9, 11 ), pollen abortion was not defi-
nitely related to frequency of meiotic irregularities. 
High laggard frequencies of clones indicated that alfalfa is far from 
being meiotically stable. High univalent and laggard frequencies as 
well as high percentage of pollen abortion were interpreted by Grun 
(9) as indications of meiotic instability in alfalfa. In this study, meiotic 
irregularities of clones, as indicated by micronuclei per quartet, were 
relatively independent of all agronomic characteristics of clones and 
their polycross progenies. Schertz and Murphy (22) reported that some 
of their best Bromus inermis clones, from an agronomic standpoint, 
had irregular chromosome constitutions. 
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